Introduction.
The electromyographic (EMG) silent period has been definedl as "a relative or absolute decrease of activity in the midst of an otherwise sustained contraction." EMG silent periods in a dental context in relation to chewing and biting,2-4 and in connection with occlusion,5 were first noted more than a decade ago. Later, it was observed6 and confirmed7-11 that a group of TMJ dysfunction patients had a prolonged mean silent period duration when compared to a group of asymptomatic subjects. Thus, the possibility arose of using the silent period duration as a quantitative adjunct to clinical diagnosis. It therefore became of interest to investigate this phenomenon in other dental groups.
Silent periods have been reported also in edentulous subjects wearing complete dentures. Matthews and Yemm12 found silent periods in the masseter muscles in full denture wearers during voluntary tapping of the artificial teeth, and concluded that silent periods in masticatory muscles are not necessarily dependent on stimulation pingl 3,14,1 5 and chewing. 15, 16 The above-mentioned investigations on denture patients have all used voluntary movements to elicit the silent periods and not taps to the chin during a sustained clench. The methodological variables associated with chin tap silent periods have been analyzed in dentate subjects.8,10,1 7 -19 These latter investigations suggest that the silent period duration does not differ among the elevator muscles and is unaffected by tap direction, tap force, degree of jaw opening, order of tap in sequence, bite force when the bite is bilateral, and the lapse of time.
The silent period duration in response to voluntary tapping, on the other hand, may depend crucially on the occlusion. It has been shown20 that multiple tooth taps can cause prolonged silent periods. It has also been shown by Watt et prior to extraction of the residual dentition; II. after insertion of immediate complete upper and lower dentures; on the average 3 weeks after surgery and insertion when the patients felt comfortable with the dentures and did not complain of sore spots; III. 3 months after denture insertion; and IV. 6 months after insertion.
At each observation stage, a series of EMG procedures such as postural position, tapping, and clenching were recorded,22 in addition to taps on the chin for eliciting of silent periods. Lateral cephalometric radiographs in centric occlusion and postural position were also taken at each session.
Prior to the first recording, the subjects, as a rule, had had all their molars and second premolars extracted; some patients were also missing the first premolars. The posterior teeth used for the complete dentures were zero degree 31 mm acrylic resin teeth, and were set to a flat plane without compensating curves and without protrusive balance.
Electromyographic recordings. - The muscles studied were the right and left anterior temporal muscles, the right and left masseter muscles, and the anterior digastric, defined in this study as the suprahyoid muscle group. Bipolar surface electrodes with an inter-electrode distance of 2 cm were placed by palpation of the muscles in the main direction of the fibers, and care was taken that for each individual the electrode placement, as far as possible, was identical at different sessions. During the electromyographic recording, the patient was seated in a dental chair in a shielded room in an upright but relaxed position with the head unsupported. To elicit the silent periods, the patient was instructed to bite the teeth together in habitual occlusion as forcefully as possible, while 5 taps were delivered at a 450 angle to the chin with a reflex hammer and short dowel.8 The taps were delivered at about one-second intervals. After amplification of the signals, the EMG traces were recorded on analog FM magnetic tape at 30 in/sec for later replay in time expansion at 7.5 in/sec. On replay, the paper speed was 50 mm/sec giving a conversion factor of 5 ms/mm.
On the EMG traces the silent period was defined as beginning at the last significant peak before the motor pause and ending at the first peak of the ongoing activity after the period of inhibition ( Fig. 1 A) . The measurements were made manually with calipers to the nearest 0.1 mm, which corresponds to 0.5 ms. For each muscle the durations of the five silent periods were averaged.
Statistical analyses. -To test whether the unmeasurable silent periods were randomly distributed over the muscles and the sessions, Cochran's Q test was used.23
If none, one, or two silent periods were missing, a number one was assigned; if three, four, or five silent periods were missing, a zero was assigned.
To test whether the number of double silent periods observed differed among the sessions, they were counted and the Chi square test used.23
To test whether the mean silent period durations among muscles within each session differed, a one-way analysis of variance for repeated measures was used.24
If the Hartley Fmax test revealed significant differences in variances, the Friedman two-way analysis of variance by ranks was used instead.23
To test whether the mean silent period durations differed among sessions, the same procedure as in the preceding paragraph was followed. If a significant difference was found using analysis of variance, it was pursued at the pair level using the Newman-Keuls procedure to avoid the inflation of the alpha level inherent in multiple t-tests.
Results.
For the subjects studied, five taps on (Fig. 1 B) were not a result of line frequency interference, motion artifact, poor tape quality, or any other technical difficulty that could be identified.
Using the Cochran Q-test, no statistically significant differences in frequency of missing silent periods were observed among the muscles or among the sessions.
Patterns. -Regarding the pattern of the silent periods in jaw closing muscles, some deviations were noted from the classic pattern illustrated in Fig. 1 A. Double silent periods (Fig. 1 C) were observed in some instances. These were defined as a silent period with a slight burst of electrical activity in the midst of the inhibition.
Since the double silent periods were included in the measurements, their distribution among sessions was determined. The frequency was 18% (65 of 362) in session I, 14 .3% (29 of 203) in session II, 14.4% (31 of 216) in session III, and 8.7% (15 of 172) in session IV. The average percentage for the whole observation period was 14.7%.
The Chi square test failed to show any significant differences in frequency of double silent periods among the four sessions.
In some instances depressed activity was also seen (Fig. ID) . In measuring the silent period duration, the depressed activity, if any, was included in the measurement.
Comparison among muscles. -The silent period durations from the four jaw closing muscles were compared and no significant differences in mean duration were found among the four muscles examined. This result held in each of the four sessions.
In session II, three weeks after surgery and denture insertion, the variances were unequal (Hartley Test, p < .05), so the non-parametric Friedman two-way analysis of variance by ranks was used.
Comparison among sessions. -Since the differences in mean silent period duration among the four jaw closing muscles were not significant, the data for each subject in each session were pooled. The descriptive silent period data from the ten patients for whom complete data were available from all four sessions are given in Table 1 Discussion.
In the present longitudinal investigation of complete denture patients, no silent periods were observable in the EMG traces from the suprahyoid muscle group. This finding is in accordance with previous observations of EMG silent periods in dentate subjects.
The pattern of the silent periods in the jaw closing muscles observed in the present sample displayed some deviations from the usual pattern. Thus, it was found that a large fraction of the silent periods were unmeasurable. Experience from previous studies of dentate individuals8-1 shows that the silent period is seldom unmeasurable in jaw closing
muscles. Yet such a result occurred in nearly 25% of the silent periods in these denture patients. The study by Watt et al. 2 1 showed that in subjects with unstable occlusal contacts, as classified by gnathosonogram, silent periods were absent some four times as often as in subjects with stable occlusal contacts.
Another deviation from the usual pattern observed in the present sample was that a large percentage of the silent periods, on the average 15%, were double silent periods. Such patterns were observed both at the partially edentulous stage and at the denture stages, and no significant differences in frequency of the double In healthy subjects, on the other hand, double silent periods were seldom noted. In evaluating the present findings of unmeasurable and double silent periods, one factor to be considered is the unstable occlusal conditions in these denture wearers. Moreover, it is possible that the present method of obtaining the silent periods by tapping on the chin during maximal clench is less than optimal for use with complete denture wearers.
The comparisons of the mean silent period durations among the four stages of observation revealed no significant changes between the pre-extraction stage and the post-insertion stage recorded some three weeks after insertion of the immediate complete dentures. On the other hand, after three months of denture wear the silent period duration showed a significant increase compared to the pre-extraction stage. At the six-month stage of denture wear a decrease in mean silent period duration was noted, but the difference was not significant.
In speculating on the mechanism generating the silent periods in the present sample, it is interesting to note that no significant changes in duration or pattern of the silent periods were observed between the initial stage, when the patients occluded on a residual anterior dentition with presumably intact periodontal ligaments, and the postinsertion stage, when they had used the immediate full dentures for a period of some weeks. Moreover, previous observations on the jaw muscle activity in these subjects during maximal clench at the two stages revealed a significant decrease in mean voltage at the post-insertion stage.34 Thus, neither the loss of input from periodontal receptors, nor the decrease in muscle activity in biting, noted upon denture insertion, seemed to have had a decisive effect on the duration and pattern of silent periods observed at the first of the two stages. The present findings confirm the demonstration of Matthews and Yemm,1 2 that receptors in the periodontal ligaments are not a prerequisite for silent periods in jaw closing muscles.
Regarding the significant increase in silent period duration at the 3-month stage of denture wear, clinical and cephalometric observations on the present subjects3 5 revealed that this stage was characterized by loosening of the dentures due to alveolar ridge resorption, and resultant marked changes in mandibular position and occlusal relationships of the dentures: a forwardupward rotation of the mandible with increased mandibular prognathism, and a decreased overjet or even anterior crossbite. The increase in silent period duration observed at this stage was perhaps in some way related to these factors.
At the half-year stage of denture wear, the mean silent period duration showed a decrease toward the post-insertion level, but the reduction from the three-month stage was not statistically significant. Between the three-and six-month stages the rate of alveolar resorption and resulting changes in jaw and occlusal relationships were markedly less than during the first months of denture wear. Also, the dentures had been relined during this period for about half the subjects, which improved the occlusal conditions. The observed tendency to a decrease in silent period duration may have had some connection with the above-mentioned factors.
Although the changes in silent. period duration observed in the present sample are interpreted to be associated with the changes in oral and occlusal conditions related to the wearing of the complete dentures, other factors such as the effect of advanced age on the functional ability of the masticatory system14 cannot be excluded.
Conclusions.
The EMG silent period duration in some masticatory muscles was investigated in a sample of partially edentulous subjects before final extractions and after insertion and wearing of immediate full dentures. The study agrees with results of previous studies that receptors in the periodontal ligaments are not a prerequisite for silent periods in jaw closing muscles.
The patterns of the silent periods exhibited some deviations from classical patterns. In this study of denture patients, nearly 25% of the silent periods were missing or unmeasurable and, on the average, 15% were double silent periods.
